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Motivated by the nematic electronic fluid phase in Sr3Ru2O7, we develop a combined scheme of the
renormalization-group method and the random-phase-approximation-type method, and analyze orbital suscep-
tibilities of the (dxz, dyz)-orbital Hubbard model with high accuracy. It is confirmed that the present model ex-
hibits a ferro-orbital instability near the magnetic or superconducting quantum criticality, due to the Aslamazov-
Larkin-type vertex corrections. This mechanism of orbital nematic order presents a natural explanation for the
nematic order in Sr3Ru2O7, and is expected to be realized in various multiorbital systems, such as Fe-based
superconductors.
PACS numbers: 74.70.Pq, 71.10.Fd, 71.27.+a, 75.25.Dk
A bilayer ruthenate compound Sr3Ru2O7 has attracted
much attention since it exhibits a unique quantum critical be-
havior [1–4]. Field-induced antiferromagnetic quantum criti-
cality is observed by the many experiments such as the NMR
measurements [5]. Surprisingly, the magnetic quantum crit-
ical point is hidden by the formation of the nematic elec-
tronic liquid phase at very low temperatures (∼ 1K). The
orientational-symmetry breaking in the nematic phase is con-
firmed by the large anisotropy of in-plane resistivity [4, 6, 7].
Thus, the quantum criticality and nematic phase formation are
intimately linked in this material [4].
The band structure of the ruthenate oxides are composed
of the Ru t2g (dxy, dxz , and dyz) orbitals. For a microscopic
understanding of the nematic phase in Sr3Ru2O7, a large num-
ber of theoretical works have been devoted. The spontaneous
violation of the C4 symmetry of the Fermi surface (FS), i.e.,
Pomeranchuk instability, had been frequently discussed by fo-
cusing on the van Hove singularity. The scenario of the single-
band Pomeranchuk instability was originally proposed by us-
ing the renormalization-group (RG) method [8], and has been
analyzed by the mean-field [9–12] and perturbation [13] stud-
ies. However, the temperature-flow (T -flow) RG scheme [14–
16] indicates that the nematic fluctuation is always weaker
than other instabilities. Thus, the possibility of the single-
band Pomeranchuk instability is not settled yet.
An alternative theoretical route to elucidate the nematic
phase is to focus on the two dxz and dyz orbitals, which give
rise to quasi-one-dimensional α and β bands. It has been
pointed out that the nematic state is described as an orbital
ordering (〈nxz〉 6= 〈nyz〉). This ferro-orbital-order scenario
has been analyzed within the mean-field-level approximation
by focusing only on the q = 0 modes [17–19]. However, the
random phase approximation (RPA) leads to the occurrence
of the antiferro-orbital order because of the nesting of the FS
[20]. Therefore, the theoretical analysis beyond the RPA is
required.
Recently, a similar nematic phase in Fe-based superconduc-
tors, which are also multiorbital systems, has attracted great
attention [21, 22]. Up to now, both the spin nematic [23]
and orbital nematic [24] theories had been proposed. The lat-
ter theory pointed out the importance of the vertex correction
(VC) in the nematic order. However, they studied a limited
number of VCs, so the importance of VCs should be clarified
by other unbiased theoretical techniques. For this purpose, the
RG treatment is quite suitable because the RG method enables
us to perform the systematic calculations of VCs.
In this Letter, we develop an RG scheme and perform ac-
curate evaluations of spin and orbital susceptibilities in the
(dxz , dyz)-orbital Hubbard model. We find that the strong or-
bital nematic fluctuation, i.e., orbital Pomeranchuk instability,
emerges near the magnetic or superconducting quantum crit-
icality due to the VCs. The present RG study confirms the
validity of our previous perturbation analysis in Ref. [25]. It
is confirmed that the two-orbital single-layer Hubbard model
is a minimal model to describe the orbital nematic order real-
ized in Sr3Ru2O7.
We consider a single-layer (dxz , dyz)-orbital model, where
the orbital index µ = 1 and 2 refer to dxz and dyz , respec-
tively. The tight-binding Hamiltonian with tetragonal symme-
try is given in the form
H0 =
∑
k,σ
∑
µ,µ′=1,2
ξµµ
′
k c
†
k,µ,σck,µ′,σ, (1)
where ξ11k = −2t coskx−2tnn cos ky+4tnnn cos kx cos ky−
µ¯, ξ22k = −2t cosky − 2tnn cos kx + 4tnnn cos kx cos ky −
µ¯, and ξ12k = ξ21k = 4t′ sin kx sin ky , with µ¯ the chemical
potential. We set t = 1 as the energy unit. We also consider
the multiorbital Hubbard interactions composed of the intra
(inter) orbital interaction U (U ′), and the exchange and pair-
hopping interaction J . Throughout the Letter, the condition
U = U ′ + 2J is assumed.
The energy band structure and the FSs obtained from H0
are shown in Fig. 1. The α band forms a holelike FS centered
at (pi, pi) while the β band forms an electronlike FS centered at
(0, 0). The RG equations are shown in Fig. 2 (a), where χ(q),
R(q; k1, k2), and Γ(k1, k2; k3, k4) are the susceptibility, the
three-point and four-point vertices, respectively [26–29]. The
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FIG. 1: (color online). (a) Band structure of H0 for n = 2.7. The
linearized band dispersions are shown by the dashed lines. The low-
energy excitations of electrons (|ξlineark,ν | ≤ Λ0) are denoted by the
shaded area. (b) The patch index (1− 24) on the FSs.
scattering processes of electrons having energies less than a
cutoff Λ0 are integrated within the RG scheme. In the present
analysis we introduce 24 patches shown in Fig. 1 (b). As in
previous works, the momenta ki in R and Γ are projected onto
the Fermi surface, shown in Fig. 1 (b).
In contrast to the conventional patch scheme [16], we take
the initial cutoff Λ0 as a smaller value shown in Fig. 1 (a).
Then, we treat the higher-energy contributions (> Λ0) by
the constrained RPA (cRPA) type method, in which the high-
energy interactions are included to the infinite order for RPA-
type diagrams. In the present “RG+cRPA scheme”, we calcu-
late the initial values of Γ, R, and χ by the cRPA-type treat-
ment, as shown in Fig. 2. This can be further improved by
including the “constrained” VCs perturbatively into the initial
values (cRPA+VC method). We will show that the present RG
scheme gives small corrections to the initial values, however,
provides accurate and nontrivial results for the orbital suscep-
tibilities.
In a conventional patch RG scheme, the higher-energy con-
tributions are treated less accurately because of the projec-
tion of momenta on the Fermi surface. In the present scheme,
in contrast, the higher-energy contributions can be accurately
calculated perturbatively with fine k meshes. Especially, this
treatment is advantageous for the multiorbital model, in which
the vertices are k dependent even in the bare interactions [16].
Thus the present scheme is a natural combination of the mer-
its of the RG (for lower energy) and RPA-type treatment (for
higher energy), and enables us to obtain very accurate suscep-
tibilities. This treatment is consistent with the Wick-ordered
scheme of the exact functional RG (fRG) formalism in Ref.
[16], so the contributions from the RG and cRPA are not over-
counted.
In order to analyze the dominant fluctuations in the present
two-orbital system, we calculate the susceptibilities by us-
ing the RG method. The main purpose of the present Let-
ter is to analyze the quadrupole (orbital) susceptibility at low
temperatures. In the present model, there are two irreducible
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d
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FIG. 2: (color online). The diagrammatic representation of the
present RG+cRPA scheme, where l is the scaling parameter. (a) The
RG equations for the four-point, three-point vertices, and the suscep-
tibility. The slashed (crossed) line represents an electron propagation
having the energy on Λl+dl < |ξlineark,ν | < Λl (|ξlineark,ν | < Λl), where
Λl = Λ0 e
−l
. (b) The initial values (l = 0) of the RG equations
are evaluated from the cRPA analysis. The bubbles with thick and
thin lines represent χcRPA(q) and χ0c(q), respectively. The bare
four-point vertex represents Γ0(k1, k2; k3, k4), where ki = (ki, νi).
quadrupole operators [25, 30]:
Oˆj
x2−y2
=
∑
σ
(c†j,1,σcj,1,σ − c
†
j,2,σcj,2,σ) = nj,1 − nj,2, (2)
Oˆjxy =
∑
σ
(c†j,1,σcj,2,σ + c
†
j,2,σcj,1,σ), (3)
where j is the site index. The quadrupole susceptibility per
spin is given by χqγ(q) = (1/2)
∫ β
0 dτ〈Oˆγ(q, τ) Oˆγ(−q, 0)〉(γ = x2 − y2 or xy) where τ is the imaginary time and
β = 1/(kBT ). The divergence of χqx2−y2(q = 0) reflects the
emergence of the orbital nematic state (〈nxz〉 6= 〈nyz〉), which
is consistent with the nematic phase in Sr3Ru2O7. In addition,
we analyze the spin χs(q) and charge χc(q) susceptibilities.
In order to confirm the reliability of this treatment, we will
show the results in the temperature region where χc(0) re-
mains nonsingular.
In the RPA without VCs [20, 25], χsRPA(q) andχqRPA
x2−y2
(q)
are mainly enhanced by U and U ′, respectively, and both
of them have peak structures at the nesting vector q = Q
due to the nesting of FSs. χs RPA(Q) is always larger than
χqRPA
x2−y2
(Q) for the realistic parameter U > U ′. We stress
that χqRPA
x2−y2
(q = 0) remains small, meaning that the nematic
order is not realized in the RPA. Nonetheless, we will show
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FIG. 3: (color online). Temperature dependences of χs(Q), χc(0)
(upper panel), and χq
x2−y2
(0), χqxy(0) (lower panel), for n = 3.3,
U = 2.13, and U ′/U = 0.9. The solid (dashed) lines represent
the RG (RPA) results. In the inset, the same data of χs(Q) and
χq
x2−y2
(0) are plotted on a different vertical scale.
that χq
x2−y2
(0) given by the present RG method is strongly
enhanced because of the VCs.
In order to analyze low-temperature properties accurately,
we linearize the band dispersion within the cutoff scale Λ0 and
change the k summation into the energy (ξ) integration [31].
In the present numerical study, we consider the case for the
electron filling n = 2.7 and 3.3, where we choose the cutoff
Λ0 = 0.5 and 0.2, respectively.
First, we focus on the case with large filling n = 3.3,
where the hopping parameters are chosen as (t′, tnn, tnnn) =
(0.1, 0, 0). The best nesting vector is given by Q ≈
(0.35pi, 0.35pi). Now, we treat the high-energy parts (> Λ0)
by the cRPA+VC method [32]. The T dependences of the
spin, charge, and quadrupole susceptibilities are shown in Fig.
3. By making the direct comparison to the RPA results, we
can elucidate the effects of VCs. In the high temperature
(T >∼ 0.3) region, all the susceptibilities exhibit similar behav-
ior to the RPA results [33]. Even at low temperatures, the non-
singular susceptibilities χc(0) and χqxy(0) show the same T
dependences as in RPA. These facts strongly indicate the relia-
bility of the present RG scheme. The effect of VCs suppresses
χs(Q) at low temperatures. The most striking feature of Fig. 3
is the critical enhancement of χq
x2−y2
(0) at low temperatures,
which cannot be derived from RPA. In Fig. 4, the momentum
dependences of χs(q), χc(q), and χq
x2−y2
(q) for T = 0.06
are shown. Since the initial values for χq
x2−y2
|l=0 give small
contributions and have weak T dependences (inset of Fig. 4),
the critical enhancement of χq
x2−y2
(0) is achieved by the RG
procedure. We stress that the enhancement in χq
x2−y2
(q) is
restricted to the q ≈ 0 region, indicating the emergence of the
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FIG. 4: (color online). Momentum dependences of χs(q), χc(q),
and χq
x2−y2
(q) for T = 0.06, n = 3.3, U = 2.13, and U ′/U = 0.9.
The solid (dashed) lines represent the RG (RPA) results. In the in-
set, the momentum dependences of the initial values for χq
x2−y2
|l=0
(solid lines) and the cRPA results (dashed lines) are shown.
orbital nematic order.
Here, we discuss the reason why χq
x2−y2
(q) is critically
enhanced only for q ≈ 0 in the present RG analysis. The
enhancement of the q ≈ 0 mode is a strong hallmark of the
dominant contributions of the Aslamazov-Larkin (AL) type
VCs, since these VCs are known as the enhancement mecha-
nisms of q ≈ 0 susceptibilities. In Fig. 3, both χq
x2−y2
(0)
and χs(Q) show similar Curie-Weiss behaviors, indicating
that the enhancement of χq
x2−y2
(0) originates from the spin
fluctuations. As indicated in Refs. [24, 25], the AL term due
to the magnetic fluctuations [Fig. 5 (a)] gives the enhancement
of χq
x2−y2
(0). Therefore, the magnetic AL term of Fig. 5 (a)
is the natural origin of the enhancement of χq
x2−y2
(0). As the
origin of the field-induced magnetic quantum criticality, both
the van Hove singularity [9–12] and the field-suppression of
quantum fluctuation [34] mechanisms had been discussed pre-
viously.
Next, we will show the importance of the AL term due to
the superconducting fluctuations [Fig. 5 (b)], which was not
discussed in Refs. [24, 25]. For this purpose, we introduce
the effective interaction for ferro-orbital fluctuations Γquad
and that for superconducting fluctuations ΓSCd, which give
the quadrupole and d-wave superconducting susceptibilities:
Γquad ≡ N−2p
∑
p,p′ [2Γ(p, p
′; p, p′) − Γ(p, p′; p′, p)]OpOp′
and ΓSCd ≡ (1/2)N−2p
∑
p,p′ Γ(p, p¯; p
′, p¯′)DpDp′ , where
Op is the form factor for γ = x2 − y2 quadrupole: Op =
[u21ν(k(p)) − u
2
2ν(k(p))]|ν=ν(p), where uµν(k) is the uni-
tary matrix for diagonalizing the kinetic term H0. Also, Dp
is the d-wave form factor: Dp = cos kx(p) − cos ky(p).
In the present numerical study, we consider smaller filling
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FIG. 5: (color online). (a) The magnetic AL term and (b) the super-
conducting AL term, where χsc(q) is superconducting propagator.
They are proportional to
∑
q′ χ
z(q′)χz(q′ + q) (z = s, sc), which
takes maximum value at q = 0. (c) The scaling flows of the ef-
fective interactions Γquad and ΓSCd for n = 2.7, U = 2.5, and
U ′/U = 0.98 at T = 10−10. The large negative value of Γquad,SCd
gives the enhancement of the corresponding susceptibility. (d) T de-
pendence of χs(Q), χq
x2−y2
(0), χqxy(0), and χc(0), for n = 2.7,
U = 2.5, and U ′/U = 0.98.
(n = 2.7), and put (t′, tnn, tnnn) = (0.1, 0.15, 0.03) [20],
where the best nesting vector is Q ≈ (0.6pi, 0.6pi). Here,
we employ the cRPA method since the VC for the initial val-
ues is not necessary to obtain the orbital nematic fluctuations.
The scaling flows of Γquad and ΓSCd are shown in Fig. 5 (c)
[35]. The obtained Γquad weakly depends on l at high en-
ergies, while it exhibits a steep increase in magnitude when
Λl = Λquad(≈ 10
−3). This behavior gives the divergent be-
havior in χq
x2−y2
(0). Moreover, ΓSCd also shows a steep in-
crease in magnitude at Λl ≈ Λquad: This fact means that the
development of χq
x2−y2
(0) is closely related to the supercon-
ducting fluctuations. From the diagrammatic arguments, we
conclude that the major contribution is given by the supercon-
ducting AL term in Fig. 5 (b), which represents the coupling
between the quadruple and superconducting fluctuations.
The T dependences of the susceptibilities for the case of
n = 2.7 are shown in Fig. 5 (d) [36]. The spin susceptibility
χs(Q) is almost T independent below T ∗ ≈ 10−2 due to the
effect of nesting deviation. Such a behavior is reminiscent
of the Peierls instability in quasi-one-dimensional systems
[37, 38]. The quadrupole susceptibility χq
x2−y2
(0) shows a
divergent behavior at T = Tquad ≈ 10−3, which is the same
energy scale of the divergent behavior in Γquad observed in
Fig. 5 (c). In contrast, χc(0) and χqxy(0) show no anomaly
even at T ≈ Tquad, which would ensure the reliability of the
singular behavior in χq
x2−y2
(0).
In summary, we have developed the RG+cRPA method for
the clarification of the important effects of VCs in susceptibili-
ties, and we have confirmed the orbital Pomeranchuk instabil-
ity driven by magnetic and superconducting quantum criticali-
ties. In the large-filling case (n = 3.3), χq
x2−y2
(0) is critically
enhanced by the AL-type VC due to the spin fluctuations, con-
sistently with the predictions in Ref. [25]. In addition, we
studied the small-filling case (n = 2.7) and also found the de-
velopment of χq
x2−y2
(0) driven by the superconducting fluc-
tuations. Since the quadrupole operator Oˆx2−y2 represents the
order parameter of the orbital ordering [Eq. (2)], both mech-
anisms would contribute to the nematic phase in Sr3Ru2O7.
The present mechanisms of the orbital nematic phase would
be realized in various multiorbital systems.
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Supplemental Material
Initial function due to cRPA+VC method
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In the present RG method, we introduce the cutoff energy
Λ0 according to the functional RG theory [1]. We set Λ0 so
as that the topology of the constant energy surfaces ξk,ν = ε
(ξk,ν being the ν-th band dispersion) for |ε| < Λ0 is equiva-
lent to the Fermi surface. In the present work, the scattering
processes under the cutoff Λ0 are calculated by solving the
one-loop RG equations, by dividing the Fermi surfaces into
Np patches. The four-point vertex with higher-energy con-
tributions, ΓˆH(pσ,p′σ′;kρ,k′ρ′), is incorporated as the ini-
tial values of the RG differential equations, where k and p
(σ and ρ) are momentum (spin) indices. According to the
functional RG theory [1], ΓˆH is constructed by the Coulomb
interaction (U,U ′, J) in addition to the higher and lower en-
ergy Green functions, GHν (k) ≡ Gν(k)Θ(|ξk,ν | − Λ0) and
GLν (k) ≡ Gν(k)Θ(Λ0 − |ξk,ν |) respectively, under the con-
straint that ΓˆH is irreducible with respect to the product ofGLν.
By virtue of introducing the cutoff energy Λ0, we can per-
form the RG calculation with high accuracy since the topology
of the constrained energy surfaces is unchanged in the lower
energy regime. We also calculate the higher-energy contribu-
tions by using the perturbative methods. In the present study,
we apply (i) the constrained RPA (cRPA) method, and also
apply (ii) the cRPA method with higher-order vertex correc-
tions.
Hereafter, we derive the expression of ΓH on the d-orbital
basis, which should be converted to the patch index to use
as the initial values of the RG equations. The spin and
charge susceptibilities in the cRPA are given by the follow-
ing (N2orb×N2orb) matrix form (Norb is the number of orbital
degrees of freedom):
χˆ
s(c)
cRPA(q) =
χˆ0c(q)
1− Γˆs(c)χˆ0c(q)
, (1)
where Γˆs(c) is the bare interaction for the spin (charge) chan-
nel given in Ref. 2, and q = (q, 2πlT ). The constrained bare
susceptibility χˆ0c(q) is given by
[χˆ0c(q)]l,l′;m,m′ = −T
∑
k
Gl,m(k + q)Gm′,l′(k)
+T
∑
k
GLl,m(k + q)G
L
m′,l′(k), (2)
where l, l′,m,m′ are the orbital indices, k = (k, π(2n + 1)
πT ), and G(L)l,m(k) is the Green function on the orbital basis
given by the unitary transformation from G(L)ν (k).
In method (i), we approximateΓHl,l′;m,m′(pσ,p′σ′;kρ,k′ρ′)
in the (N2orb ×N2orb) matrix form as
ΓˆH(pσ,p′σ′;kρ,k′ρ′) = Γˆ0σ,σ′;ρ,ρ′
+Vˆσ,σ′;ρ,ρ′(p− p
′)− Vˆ ′σ,σ′;ρ,ρ′(p− k), (3)
where Γˆ0 is the antisymmetrized bare Coulomb interaction
with spin indices (σ, σ′, ρ, ρ′). Considering the SU(2) sym-
metry of the spin space, it is expressed as
Γˆ0σ,σ′;ρ,ρ′ ≡ Γˆ
c δσ,σ′δρ′,ρ + Γˆ
s σσ,σ′ · σρ′,ρ, (4)
where σ is the Pauli matrix vector. Also, Vˆ is given as
Vˆσ,σ′;ρ,ρ′(q) = Vˆ
c(q, 0) δσ,σ′δρ′,ρ + Vˆ
s(q, 0)σσ,σ′ · σρ′,ρ,(5)
where Vˆ s(c)(q) = Γˆs(c) χˆs(c)cRPA(q) Γˆs(c). In addition,
[Vˆ ′σ,σ′;ρ,ρ′(q)]l,l′ ;m,m′ ≡ [Vˆσ,ρ;σ′,ρ′(q)]l,m;l′,m′ .
In method (i), the initial value in Eq. (3) is underestimated
for p = p′ and k = k′ because of the reason χˆs(c)cRPA(0, 0) ≈ 0
for T ≪ Λ0. This relation in the cRPA is unfavorable for
the development of the susceptibilities at q = 0, by solving
the RG equations. However, this relation is an artifact of the
cRPA, and it will not be satisfied in general. In method (ii),
therefore, we improve the initial value ΓH in Eq. (3), by intro-
ducing the vertex correction into the cRPA as
χˆ
s(c)
cRPA+VC(q) =
χˆ0c(q) + Xˆ
s(c)(q)
1− Γˆs(c)[χˆ0c(q) + Xˆs(c)(q)]
, (6)
where Xˆs(c)(q) is the vertex correction (VC) due to higher-
energy contribution. Then, the initial function is improved
by replacing χˆcRPA(q) with χˆcRPA+VC(q) in Eq. (3). Here,
we calculate the VC up to the second-order diagrams with re-
spect to χˆcRPA(q): The first-order term is called the Maki-
Thompson (MT) term, and the second-order term is called the
Aslamazov-Larkin (AL) term [2]. We find that the MT term is
negligibly small, and only the AL term for the charge channel
is quantitatively important. It is given by
Xcl,l′;m,m′(q) =
T
2
∑
k
∑
a∼h
Λll′,ab,ef (q; k)
[
V cab,cd(k + q)V
c
ef,gh(−k) + 3V
s
ab,cd(k + q)V
s
ef,gh(−k)
]
Λ′mm′,cd,gh(q; k). (7)
2Here, Λˆ(q; k) is the three-point vertex due to higher-energy contribution, given as
Λmm′,cd,gh(q; k) =
∑
A,B,C
T
∑
p
GAm,c(p+ q)G
B
d,g(p− k)G
C
h,m′(p), (8)
where p = (p, π(2n′ + 1)T ), and Λ′mm′,cd,gh(q; k) ≡
Λch,mg,dm′(q; k) + Λgd,mc,hm′(q;−k − q). The summations
with respect to A,B,C are taken as (A,B,C) = (H,H,H),
(L,H,H), (H,L,H), (H,H,L). Here, Xˆc(q) is irreducible
with respect to the product of GLl,m(k).
Within the cRPA, the initial interaction V (q) in Eq. (5) is
small for the forward scattering (q = 0) at low temperatures
since χ0c(q, ω = 0)|q=0 =
∑
k(−df/dǫ)ǫ=ξkθ(|ξk| − Λ) ≈
0 at T ≪ Λ. However, the VC X(q) in Eq. (7) is finite at
T ≪ Λ, since the constrained three-point vertex in Eq. (8)
is finite even for q ≈ 0, which can be proved analytically as
well as numerically. Therefore, the VC gives a finite contri-
bution to χˆccRPA+VC(0), as seen in Eq. (6), and the smallness
of χˆccRPA(0) is an artifact of the cRPA due to the absence of
the VC.
Diagrammatically, Xˆs(c)(q) is the second-order term with
respect to χˆcRPA(q) composed of multiple G = (GH, GL):
The latter constructs the three-point vertex in Eq. (8). In calcu-
lating Eq. (8), we introduce another cutoff energy Λ1(> Λ0)
and put Gν(k) = 0 for |ξk,ν | > Λ1 in the band-diagonal ba-
sis: Although the VC is underestimated by introducingΛ1, we
can drop the almost momentum-independent contribution to
the VC, which is unimportant for the RG result. In the present
study, we put Λ1 = 0.6 (= 3Λ0): the obtained Xˆs(c)(q) is
very similar for Λ1 = 0.4 ∼ 1.0.
In the present method, the contributions from the RG and
the constrained perturbation are not overcounted, since ΓˆH in
this study is constructed consistently with the Wick-ordered
scheme of the exact functional RG formalism [1]. In addition,
Xˆs(c)(q) ≪ χˆ0c(q) except for qµ ≈ 0 (µ = x, y), and the
smallness of χˆ0c(q) at qµ ≈ 0 is an artifact of the approxima-
tion, as shown in Fig. 4 (b) in the main text. This fact means
that the perturbative treatment with respect to χˆcRPA(q) given
by the present study is justified. The large nematic suscepti-
bility given by the present work originates from the devel-
opment of the low-energy four-point vertex given by the RG
equations. By virtue of the present RG+cRPA type approx-
imation, we obtain beautiful temperature- and momentum-
dependences of the susceptibilities numerically.
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